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Supsect For Discussion: 


Decolorization Water: When necessary? How may 
accomplished?” 


Assoc. Am. Soc. E.—One the Mr. Whipple. 
essentials ideal water supply that shall colorless. This 
condition realized most ground-waters and some surface- 
waters, but, ordinarily, surface-waters possess amount coloring 
matter which varies according the character the water-shed and 
the length time that the water remains contact with organic matter. 
the outset, important distinguish between the terms 
and for water may colorless and yet turbid, 
may clear and yet colored. According the strict definition 
now recognized water analysts, the color water due sub- 
stances solution, while the turbidity due substances sus- 
pension. the suspended particles are colored the water may, indeed, 
have apparent color, but this more properly described 
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Thus, the water the Red River, Louisiana, 
has red turbidity; the water the Schuylkill River has times 
black turbidity, due coal dust; while water heavily laden with 
may have green turbidity. The true color, vegetable stain, 
sometimes called, due, theoretically, then, substances solu- 
tion; yet practice this definition cannot adhered all 
strictness, because many surface-waters contain suspended matter 
organic origin amounts too small measured turbid- 
ity, but which are sufficient affect the color. Practically, there- 
fore, the color water may considered that part the 
apparent color which remains after the visible turbidity bas been 
removed. 

Nature the Coloring Matter.—The coloring matter water 
derived primarily from decayed vegetation—that is, from chlorophyll 
and its derivatives. usually brownish, but may vary hue from 
greenish-yellow reddish-brown, according the nature the sub- 
stances dissolved. The exact chemical composition chlorophyll 
unknown, but contains carbon, hydrogen, oxygen, nitrogen and 
iron, with traces other elements. probable, therefore, that 
these constituents are all present the coloring matter water. 
has been known for long time that unpolluted water the 
nitrogen, albuminoid ammonia, and the amount carbon, 
represented the oxygen consumed, were, within certain limits, 
proportional the amount coloring matter. These relations are 
shown Figs. and which are based upon analyses samples 
surface-waters from various parts the United States. most cases 
the points represent yearly averages monthly samples, and were 
selected with special reference freedom from pollution, suspended 
matter and microscopic organisms. general way, the amount 
iron increases with the color, but, inasmuch the amount iron 
sometimes very small high-colored waters, the relation probably 
incidental rather than causal, far the depth color con- 
cerned. seems likely, however, that iron exerts influence the 
hue the water. Under certain conditions, moreover, iron plays 
important part the production color. Ground-waters, for 
example, are often colored ferric oxide, but, inasmuch this 
largely suspension, the color produced more properly classed 
colored turbidity. The color which water acquires the bottom 
deep pond great extent due the presence compounds 
iron. 

Variations Hue.—The colors imparted water extracts 
different substances and extracts the same substance under 
different conditions vary slightly hue. For example, the extract 
birch leaves has larger component red than that cedar, and the 
cedar extract more red than that maple. The color extracted 
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from fresh more green and less red than those the leaf extracts 
mentioned. Old peat, however, has component red than 
fresh peat. There some reason think that these differences 
hue are due, part least, the presence different amounts iron. 
From analyses made Dr. Hollis for the Boston Water-Works 
appears that the amount iron corresponding given amount 
coloring matter decreases with subsequent extractions the same 
substance, shown Table No. 


TABLE No. 

Extract. Color. Hue. (Parts per) ——— 

million). Color. 

Maple leaves, 8 87 (Greenish-brown. 0.034 0.092 
Maple leaves, subsequent extractions.. 0.006 
Elm leaves, 8 22 |\Greenish- -brown. 0,016 0.078 
Elm leaves, cubsoquent extractions. . 20 eee -brown.. 0.011 0.055 


The ferrous compounds iron have generally greenish color, 
and seems likely that the greenish hue fresh extracts may due 
such compounds. Experiment has shown that their addition 
colored water renders the hue more green. With subsequent 
extractions the iron becomes less amount and changed 
the ferric condition, causing increase the red component the 
coloring matter. possible that manganese compounds may also 
exert influence the hue water. 

matter common observation that the hues surface- 
waters change with the seasons. During the late autumn winter 
the greenish-brown hues, due the fresh extracts from newly fallen 
leaves, are most marked, while during the spring and summer the 
reddish-brown hues prevail. 

The hue water influenced the amount suspended 
matter present. The red rays are less readily absorbed than those 
shorter wave-length; consequently, when suspended matter present 
the proportion red rays transmitted relatively larger than would 
the case the water were clear. 

should remembered that the hue water depends upon the 
depth liquid through which the light passes, and that for the rea- 
son stated, namely, that the red rays are most easily transmitted, the 
hue becomes more red the depth the column liquid increases. 

Measurement the Amount Coloring Matter.—The Platinum- 
Cobalt Standard,* suggested Allen Hazen, Am. Soc. E., may 
fairly considered the standard color measurement. Accord- 
ing this standard devised the color water was measured 


No. 4. 
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terms the amount platinum parts per ten thousand, which, 
acid solution, with much cobalt matched the hue, produced 
equal color distilled water. The speaker believes that will de- 
cided advantage, however, make the unit color equal the amount 
platinum parts per million rather than parts per ten thousand, 
order that the figures which represent the color may whole 
numbers rather than decimals, and order that the determination 
may fall into line with the modern movement expressing the results 
analysis parts per million. This method used this discus- 
sion. will observed that the figures correspond with those 
the original method with the decimal point omitted. stock solution, 
which has color 500, made dissolving 1.246 grams potas- 
chloride containing 0.5 gram platinum, 
and gram crystallized cobalt chloride containing 
0.25 gram cobalt, water with 100 cu.cm. concentrated hydro- 
chloric acid, and making one liter with distilled water. 
diluting this stock solution, standards are prepared containing 
10, 15, 20, 25, 30, 35, 40, 50, and parts platinum per 
million, which are kept 100-cu. cm. Nessler tubes high, 
2.2 cm. diameter, with the 100-cu. cm. mark 23.5 em. above 
the bottom. The color sample observed filling sim- 
ilar tube with the water, comparing with the standards, and 
noting the point where the colors match. The observation made 
looking vertically downward through the tubes upon white sur- 
face placed such angle that light reflected upward through 
the columns liquid. still more accurate method making the 
comparison the use colorimeter like that devised Fitz- 
Gerald and Foss.* 

Some objection has been raised the Platinum-Cobalt Standard, 
because with high-colored waters difficult match the hues. 
however, waters which have color above are diluted with color- 
less water before the comparison made there trouble from this 

The Nessler Standard and the Natural-Water Standard, which was 
made correspond with it, have been largely used the past, and 
are still adhered upon some important investigations where 
desired keep the records continuous. order facilitate com- 
parison between these methods and the Platinum-Cobalt Standard, 
Table No. found convenient. was prepared the Chest- 
nut Hill Laboratory, the Boston Water-Works, under the direction 
Desmond FitzGerald, Past-President, Am. Soc. 

Amount Coloring Matter Surface-Waters.—The amount 
coloring matter surface waters varies within wide limits. Some 
waters are almost colorless, while others have color high 500 
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TABLE No. 2.—For READINGS FROM THE NESSLER 
WATER STANDARD THE PLATINUM-COBALT STANDARD. 


COLOR OF THE WATER IN PARTS PER MILLION OF PLATINUM. 


Nessler or Nat-| | | 
Standard. | 

_, aes | 26 27 27 28 29 29 30 31 32 32 

eee 33 34 34 35 35 36 37 37 38 88 

| SR 46 47 47 48 48 49 50 50 51 51 

ee 52 53 53 54 54 56 56 57 57 

( SS 58 58 59 59 60 60 61 , 61 62 62 

a 68 64 64 65 66 66 7 68 69 69 

95 96 96 97 98 98 99 100 101 101 

103 103 104 105 105 106 107 108 108 

Disentexves 109 110 110 111 112 112 113 114 115 115 

Babin Senscensen 116 117 117 | 118 118 119 120 120 121 121 

Be ceteesincnsest! 123 123 | 124 125 125 126 12’ 128 128 

129 180 130 | 181 132 182 133 134 135 136 

see evvese 136 137 137 138 139 139 140 141 142 142 

J Rea 143 144 144 145 146 146 147 148 149 149 


even 1000. These extremely high-colored waters, however, are 
found only swamps, and are usually confined small pockets 
where the water lies stagnant. The amount coloring matter 
surface-water depends chiefly upon the character the vegetation 
the water-shed, and upon the length time that the water remains 
contact with the organic matter, but other factors enter into the 
problem. water collected from water-shed which rocky, 
with few trees and with steep slopes, the color will ordinarily below 
20; collected from wooded area from cultivated land with steep 
slopes may from 50; from wooded cultivated area 
with gentle slopes may from 100; and from area upon 
which there are numerous swamps may range from 100 500 
more. These figures are only approximate, but they give general 
idea what may found under different conditions. most cases 
the problem complex, and the color the water collected from the 
water-shed the component numerous small feeders which drain 
areas which differ character, and which, consequently, contribute 
different amounts coloring matter. 

New England, where the color the surface-waters has been 
studied more minutely than elsewhere, many the public water 
supplies have average color more than 50. general, may 
said that high-colored waters are most common the Northern 
States. They are, course, found elsewhere, and wherever swamps 


DISCUSSION DECOLORIZATION WATER. 149 


exist, but regions south the glacial drift many the streams are Mr. Whipple. 
clay-bearing, and the presence clay tends reduce the amount 
coloring matter solution, will mentioned later. the North- 
western States the colors are often very high. Asa rule, high-colored 
waters are found comparatively small streams which drain limited 
areas, but there are exceptions this. Some the large rivers 
Maine carry very dark water; the Mississippi River Minneapolis 
often has color above 100. the Northern States, where logs are 
floated down the streams and remain for months the water, and 
where saw-dust washed into the streams great quantities, some 
the coloring matter may traced this source. 
The amount color the water any stream subject 
seasonal variations dependent upon the changes that take place the 
foliage and upon the distribution rainfall. the Northern States 
the color the water the streams during the winter and early 
spring usually its minimum, because the ground frozen and 
the water and melted snow pass into the stream without coming 
contact with the organic matter the ground, and because the dark- 
colored water lying sballow swamps frozen and does not con- 
tribute the flow. The spring rains, however, cause the swamps 
overflow, and the dark water from these sources causes increase 
the color the streams. During the summer, when the swamps dry 
and the streams become low, there decrease color many 
streams, but where the drainage from the swamps continuous there 
may constant increase. the autumn, after the leaves have 
fallen, there marked increase color. the small streams 
the Boston Water-Works, where continuous observations cover 
long series years, was found that the seasonal changes color 
were substantially shown Fig. Brooklyn, Y., where the 
cold weather less severe, the winter minimum not low 
the spring maximum occurs earlier the season, and the 
second maximum occurs January instead December. 
Norfolk, Va., the curve similar that Brooklyn, but the fluctua- 
tions color are somewhat greater. large streams, and lakes 
and storage reservoirs, the seasonal variations are not clearly 
marked those indicated, but they agree their general character. 
Rainfall has marked influence the color small streams. 
Weekly observations small stream Long Island, covering 
period three years, showed that the color was almost directly pro- 
portional the amount rain. This stream was fed directly from 
swamp. Observations the streams the Metropolitan Water- 
Works gave similar results. 
Color Due Stagnation Deep Ponds.—No better illustration 
the effect stagnation the color the water deep lake can 
given than that Lake Cochituate, Natick, Mass., where weekly 
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Mr. Whipple. observations color have been carried since 1891. Some these 


results are given Fig. During the summer the stagnant water 
the bottom becomes highly colored, shown the full line, and 
when, the time the autumnal overturning, this dark water 
carried upward, tends increase the color the upper strata, 
may seen from the diagram. The same phenomenon takes place 
during the period winter stagnation, but smaller scale. The 
explanation for the increase color the bottom during stagnation 
follows: the bottom the lake there exists deposit 
organic matter, and the oxidation this the oxygen dissolved 
the lower layers becomes exhausted. none can secured from 
above, decomposition progresses under conditions, and can- 
not carried its final state complete oxidation until the over- 
turning. Under these conditions iron taken into solution the 
ferrous condition, and, together with dissolved organic matter, causes 
the increased color. exposure the air the iron becomes oxidized 
the ferric condition causing further increase color, and change 
the hue from greenish-brown reddish-brown. The dotted line 
the diagram shows the average color the four principal inflowing 
streams, obtained combining the results each according the 
size their drainage areas. represents, however, only part 
the water which enters the lake. 

less, practically so. Wells sunk swamp areas, however, may, 
under certain conditions, yield water which high-colored. 
passing downward through the surface layer peaty matter, 
through deeper deposits organic matter, the oxygen may become 
exhausted, and organic matter and iron taken into solution, the 
case stagnant pond. exposure the air the iron such 
water may become oxidized and the color the water increased. 
considerable extent the color due iron oxide suspension, but, 
even after filtering through Pasteur filter, some coloring matter may 
remain. 

Even where organic matter present, ground-water may 
contain large amount iron the form ferrous carbonate, which 
exposure the air becomes oxidized the ferric condition, with 
the formation yellowish-brown precipitate. 

Decolorization Water .Natural Processes.—The color the 
water large lakes seldom high. There are three factors which 
tend produce this result: Dilution, precipitation and the bleaching 
action sunlight. 

Most large lakes receive water from water-shed which varies 
character. Certain swamps and wooded areas may contribute dark- 
colored water, but usually, there are other areas which furnish water 
low color; times when the surface the lake drawn down 
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DIAGRAM SHOWING THE COLOR THE WATER LAKE COCHITUATE. 


THE SHADED AREA SHOWS THE COLOR THE SURFACE; 
THE FULL LINE SHOWS THE COLOR THE BOTTOM; 
THE DOTTED LINE SHOWS THE AVERAGE COLOR FOUR 
INFLOWING STREAMS. 
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level below that the the color may materially reduced 
dilution with colorless ground-water. order estimate what 
the color lake reservoir will necessary take account 
all the water that enters and give each source weight propor- 
tion its color and volume flow; also necessary allow for 
the amount coloring matter that leaves the lake. the flow 
streams varies greatly different seasons the year, any calculation, 
accurate, must based upon observations extending over 
least one year, with observations made often once each week. 
there were other factors taken into account the calculated 
color obtained this method would agree exactly with the observed 
color the water the lake. The observed color, however, usually 
lower than the calculated color because decolorization due 
storage. 

Unless waters have noticeable turbidity, color readings are gener- 
ally made without first filtering the samples, and experiments have 
shown that even where there evident turbidity surface-waters 
taken from swamps often contain enough finely-divided suspended 
organic matter materially influence the color. Upon standing, 
some this suspended matter will settle the bottom, may 
observed sample bottles, with consequent diminution the appar- 
ent color the supernatant water. lakes the loss color from 
this cause small, but yet appreciable. 

more important factor the decolorization water storage 
reservoirs the bleaching action sunlight. Stearns,* Am. 
Soc. E., has stated that unused reservoir ft. deep the color 
the water decreased from (Nessler scale) six 
study the nature and amount the bleaching colored waters 
was made FitzGerald and exposing bottles high-colored 
water sunlight for known periods under different conditions. 
was found that the reduction color was about for each 100 
hours bright sunlight, and that all the color could removed 
sufficient exposure. was also found that the actinic rays were most 
removing the color. Samples exposed blue and white 
bottles showed much greater reductions than samples the same 
water exposed yellow and red bottles. The bleaching action was 
but slightly, all, temperature, and the part played 
sedimentation was comparatively small. For equal periods 
exposure sunlight, the amount color reduction was the same 
all seasons the year. 

order determine the amount bleaching action that takes 
place actual practice the speaker once made series experiments 


* “Special Report on Examination of Water Supplies,’’ Massachusetts State Board 
Health, 1890. 
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which bottles colored water were exposed different depths Mr. Whipple. 
reservoirs under different conditions. The results three these 
experiments are shown Table No. 


TABLE No. 
Experiment | Experiment | E riment 
| — 
Percentage of reduction of color— 


was found that the surface the bleaching action was consider- 
able, but that decreased more less rapidly with increasing depth, 
according the color the water the reservoir. very dark 
waters the bleaching action probably confined layer near the 
surface not over ft. thick, but the water becomes lighter, the 
action takes place greater depths, consequently the color removal 
proceeds accelerated rate. 

The fact that ground-water colorless due the action the 
soil, and especially the aluminum present. These 
act chemically upon the coloring matter, will pointed out later. 
The decolorizing effect aluminum compounds also observed 
turbid waters which carry clay suspension. such waters those 
the Ohio, the Allegheny, the Potomac, there very little dis- 
solved coloring matter, and when the turbidity has been removed the 
waters are almost colorless well clear. The effect clay upon 
the dissolved coloring matter may illustrated the following ex- 
periment. Kaolin various quantities was added bottles colored 
water; the bottles were shaken and the water passed through Berke- 
feld filter. The colors before and after treatment were follows: 


0.5 gram kaolin added 250 cu. cm. water............ 


Amount Coloring Matter Permissible Water far 
can learned, the organic matter which gives color water way 
injurious health. the light modern bacteriology, almost 
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certain that the intestinal disorders formerly attributed swamp-water 
are due other agents than the coloring matter, though these agents 
may accompany the coloring matter. color con- 
sidered, therefore, not from sanitary, but from esthetic point 
view. one will deny that brown-colored water less attractive 
than colorless water, and these days, when the public demanding 
improvements the quality water, and when standards quality 
are becoming crystallized, this characteristic must taken into 
account. Moreover, certain industries, such the manufacture 
paper and certain fabrics, bleacheries, etc., are said demand water 
that both colorless and clear. 

present there recognized standard permissible color. 
People from different localities are influenced the character the 
water which they are accustomed. person who has been used 
well-water, the water from stream which had color would 
seem dark, while another person used swamp-water would consider 
light. Below 20, however, seldom that the color water 
would complained of. Such water has noticeable color when 
viewed some depth porcelain-lined bath tub, even carafe 
upon white table-cloth, but glass tumbler would scarcely 
noticed. Between and the color might might not regarded 
with disfavor, according the tastes the individual, but above 
would quite generally regarded high-colored,” swampy.” 
Perhaps 30, average the foregoing figures, may regarded 
fair limit for the permissible color the present time. 

what extent city town warranted expending money for 
the mere removal coloring matter depends upon the tastes the 
citizens and the financial standing the community. not 
however, that good water supply not only matter civic pride; 
financial value, and especially residential community. 
Now the general public judges public water supply largely its 
appearance, hence any reduction the amount coloring matter 
really adding the attractiveness city town place 
residence. 

Methods Decolorization.—The methods used for reducing the color 
water supply may classified follows: 

1.—Prevention color, drainage swamps and removal 
organic matter from reservoir sites. 

2.—Reduction color filtration without the use chemicals. 

3.—Decolorization the use chemicals followed filtration. 

4.—Decolorization the use chemicals without filtration. 

Prevention Color the Drainage Swamps and the Removal 
Organic Matter from Reservoir Sites.—It will sometimes more econ- 
prevent surface-waters from acquiring color than remove 
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the color any the processes mentioned. The color the water Mr. Whipple. 
any stream lake the component the colors its various 
feeders. seldom that these feeders are equally colored, and 
often the case that some one (or some few) them furnishes most 
the coloring matter. dividing gathering-ground into parts, and 
estimating the color and yield from each, the effect any partic- 
ular feeder upon the entire yield may calculated. Steps may 
then taken drain the swamps and intercept the water low color 
from upland districts and lead into the streams without allowing 
enter the swamps. The location ditches and canals for these 
purposes must depend upon local conditions. Sometimes compara- 
tively small expenditure money will yield most excellent results. 
Desmond FitzGerald, Past-President, Am. Soc. E., who was the first 
attempt work this kind upon large scale, estimated that 
expenditure $12 000 the color the water furnished the Ashland 
Reservoir the Metropolitan Water-Works, Boston, would reduced 
from 45. This was equivalent $44 per acre swamp, $8.57 
per million gallons storage capacity. also estimated that, 
digging system canals, the water from the Cedar Swamp district, 
embracing area sq. miles, could reduced from 106 
expenditure $250 000. 

removing the organic matter from the bottoms reservoirs, 
this source color eliminated. When the amount peat large 
and the reservoir comparatively shallow, the color acquired may 
considerable and the action may constant. With deep reservoirs, 
where stagnation occurs, the color will yielded intermittently, 
shown Fig. With clean reservoirs, storage water will reduce 
its color instead increasing it. 

Since the color water may permanently lowered the 
proper treatment the water-shed, and the cost decolorization 
the use chemicals increases with the amount coloring matter 
present, evident that instances may found where the former 
method will the cheaper, and that, even where some form 
decolorization resorted to, the annual charges may reduced 
decreasing the color the raw water drainage the swamps. 

Reduction Color Filtration Without the Use Chemicals.—Quartz 
sand has absolutely effect upon the coloring matter water. 
Simple sand filtration, therefore, cannot depended upon 
water colorless. Yet sand filters remove portion the color, and 
for the following reasons: 

was stated that natural waters owea portion their color 
finely-divided organic matter held suspension. This suspended 
matter removed filtering through Berkefeld filter, which 
composed silica, through bed sand. Consequently, the color 
somewhat reduced. second filtration through these media will not 
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further reduce the color, showing that the action merely mechan- 
ical one. 

The sand used for filter beds usually contains certain small 
amount clay, and the aluminum compounds have the power 
uniting with the coloring matter, there slight decolorization from 
this cause. This action greatest new filter, because, ultimately, 
the clay becomes largely removed. Even when clay present 
the sand sometimes carried suspension the water and 
deposited the top the filter, where, slight extent, the same 
action may take place. 

The oxidation the coloring matter the filter probably in- 
significant amount. 

The Pasteur filter sometimes used filter samples water 
before the color readings are made, but the aluminum compounds 
used the construction this filter exert decolorizing action upon 
the water, just does the clay sand filter. For this reason 
Berkefeld filter, which composed almost wholly silica, 
preferred. 

water filtered through animal charcoal, bone char, may 
completely decolorized. This has been explained saying that 
the coloring matter was oxidized the pores the char, where 
came into intimate contact with the oxygen. Experiments, however, 
have apparently indicated that the calcium phosphate present 
the bone char which the real decolorizing agent. Animal charcoal 
may serve decolorize water when used for industrial pur- 
poses, but there are objections its use for filtering domestic 
supply. soon becomes foul and acts breeding place for bacteria 
such extent that the bacterial contents the water filtered may 
increased several hundred per cent. 

Decolorization the Use Chemicals Followed Filtration.— Before 
the coloring matter can removed from water must changed 
chemically. bring about this change sulphate alumina com- 
monly used connection with filtration, generally the so-called 
Mechanical, American system. According the accepted theory 
the action aluminum sulphate the salt decomposed 
reaction with the carbonates* present the water, with the forma- 
tion sulphates the alkaline earths place their carbonates 
and aluminum hydrate, which the effective agent coagula- 
tion. The aluminum hydrate then drags the coloring matter, 
forming precipitate, insoluble lake, which removed 
filtration. the carbonates present are not sufficient amount 
decompose all the aluminum sulphate added, the hardness the 
water must artificially increased order that undecomposed 
coagulant may remain the water. general proposition, this 
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DIAGRAM SHOWING THE AMOUNT SULPHATE ALUMINA 
REQUIRED DECOLORIZE WATERS DIFFERENT DEPTHS 
COLOR, WHEN THE COAGULANT ADDED DIFFERENT 
WAYS 
LINE ALUMINUM SULPHATE ADDED COLORED WATERS WHICH HAD ALKALINITY. 
LINE SULPHATE ADDED COLORED WATERS MODERATE ALKALINITY. 
SULFHATE CHANGED HYDRATE BEFORE ADDING COLORED WATERS. 
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perfectly true, but experiments made the speaker have shown that 
far decolorization alone concerned increase hardness 
not desirable, and, further, that the complete absence carbonates 
favorable economical decolorization. illustrate: 

water which had color 100 the platinum scale, and alka- 
linity parts per million, required grains aluminum sulphate* 
per gallon decolorize it, while water equal color but with alka- 
linity required only 0.7 grain. This indicated that the formation 
aluminum hydrate was not necessary for the removal color, and that 
there was direct reaction between the aluminum sulphate and the 
coloring matter. series dark-colored waters free from carbonates 
was then prepared diluting extract maple leaves distilled 
water. these differently colored waters 1-liter bottles 
aluminum sulphate was added various amounts, and the exact 
amount necessary decolorize was determined allowing the water 
stand hours and then filtering through paper. The results 
these determinations are shown Fig. the line will 
noticed that the amount required was proportional the color the 
water. The experiments were then repeated, using extract 
birch instead maple, with practically the same result. natural 
water was then rendered neutral methyl orange adding enough 
acid neutralize the carbonates, and here, again, the 
same results were obtained. 

find the amount aluminum hydrate required produce 
decolorization, the aluminum sulphate was changed hydrate before 
adding the water. This was done putting known amounts into 
colorless, hard waters, and, after allowing them stand, mixing with 
the colored waters. was found that when used very much 
larger amount sulphate was required than when the direct reaction 
was obtained. The amount aluminum sulphate required decolor- 
ize waters different colors when first changed hydrate shown 
that shown the line 

actual practice, when aluminum sulphate added colored 
water which contains carbonates, seems probable that both reactions 
take place simultaneously, and that part the aluminum sulphate 
reacts directly with the coloring matter, while the remainder decom- 
posed the carbonates, the aluminum hydrate thus formed also react- 
ing with the coloring matter. show this, series experiments was 
made upon colored waters which had alkalinity parts per mil- 
lion. Thealuminum sulphate was added the water bottles 
and shaken thoroughly and immediately. The results are shown 
the line will seen that this line occupies mean position 


*The aluminum sulphate used all the experiments contained 17% available 
alumina. 
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between the lines CC. This the condition met with Mr. Whipple. 
practice, and the results agree fairly well with those which have been 
obtained with mechanical filter plants. Hazen* has stated that 

quantity sulphate alumina equal rather more than grains 
per gallon for waters having colors 1.00, and propor- 
tionate quantities for more and less deeply colored waters.” 

According the line 1.8 grains per gallon were required 
decolorize perfectly clear water which had color 100, which 
but slightly below Hazen’s estimate. 

While the two reactions take place simultaneously, their relative 
importance decolorization varies according the alkalinity the 
water, and according the rapidity with which the coagulant mixed 
with the water. illustrate: 

Two bottles clear water which had color 100 but alka- 
linity were treated with 0.8 grain aluminum sulphate per gallon. 
The first was shaken immediately, while the second was allowed 
stand one hour before shaking. the end hours both samples 
were decolorized. Two bottles clear water which had color 100, 
but alkalinity parts per million, were similarly treated with 
grains alumivum sulphate per gallon. After hours the sample 
which was shaken immediately was decolorized, while the sample that 
stood one hour before shaking was not. the latter was neces- 
sary add grains per gallon before the color was removed. this 
case would appear that the aluminum sulphate was not first dis- 
seminated through the entire body water, but became great 
measure changed hydrate before the mixing took place; the 
hydrate formed was not effective removing the color the 
sulphate acting directly, consequently larger was required. 
evident, then, that for economical decolorization provision should 
made for rapidly mixing the applied chemical with the water, 
that may come contact with the organic matter before has all 
changed hydrate. further evident that the harder water 
the more difficult treat, and the steeper will the slope the 
line neutralizing water, reducing its alkalinity before 
the aluminum sulphate added, the amount chemical necessary 
produce decolorization may very materially reduced. 

The direct reaction between the aluminum sulphate and the color- 
ing matter has another bearing upon the coagulation waters. 
Fuller found Louisville that the theoretical amount reduction 
alkalinity the addition certain amount aluminum sul- 
phate was seldom obtained practice. This attributed chiefly 
absorption the chemical the suspended matter the water. 
evident from the foregoing that the coloring matter water also 
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absorbs certain amount chemical, though not same man- 
ner. For example, when grain per gallon was used decolorize 
water which had color 75, the reduction alkalinity was only 
84% the theoretical amount. this case the coagulant was not 
lost, course, was doing useful work precipitating the color- 
ing matter; but, inasmuch the precipitate formed this reaction 
has been found experiment far less efficient coagulating 
the suspended matter than aluminum hydrate, follows that 
more coagulant required colored water than water with- 
out color. 

When water both colored and turbid the problem becomes 
complicated one. the water has alkalinity the aluminum sul- 
phate part absorbed the suspended matter and part the 
dissolved organic matter. The precipitate formed the latter case 
has but little coagulating effect, shown the following experi- 
ment: non-alkaline water which had color 200 and turbidity 
parts per million the silica scale was neither clarified nor de- 
colorized the addition 2.5 grains aluminum sulphate per 
gallon, although the same water without turbidity was decolorized 
1.3 grains, and water the same turbidity, but without color, was 
clarified using less than grain. 

colored turbid water has sufficient amount turbidity the 
action that takes place follows: Part the aluminum sulphate 
absorbed the suspended matter and practically wasted; part 
unites chemically with the coloring matter and lost coagu- 
lating agent, although doing useful work; part decomposed 
the carbonates the water, with the formation aluminum 
hydrate; this hydrate part unites with the coloring matter and 
lost coagulating agent, while the remainder acts true coagu- 
lant, coating the suspended particles and uniting them into flocs. 

rule, turbid waters are not high-colored, although the occur- 
rence turbidity and color the same water means un- 
known. The Hudson River Albany certain seasons the year 
contains considerable coloring matter addition its turbidity, and 
the water from swamps often somewhat turbid after heavy rains. 
The effect turbidity upon decolorization therefore little 
practical importance. Unfortunately, the data for this 
effect are not hand. Certain facts bearing upon the question, how- 
ever, have been noticed. amount aluminum sulphate insuffi- 
necessary add enough cause almost complete precipitation 
the coloring matter before any action observed. And the case 
water which both colored and turbid necessary add enough 
coagulant both clarify and decolorize before any action observed. 
other words, practically speaking, impossible decolorize 
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water this method while remains turbid, clarify water Mr. Whipple. 


while remains colored. Enough coagulant must added pro- 
duce both results the chemical will wasted. the absence 
more reliable data upon this point may stated, general rule 
for estimating the amount coagulant required, that order de- 
colorize water about 0.1 grain aluminum sulphate per gallon 
must added for each parts color, and that about one-half 
this active coagulating agent. With turbid waters the amount 
suspended matter usually determines the amount coagulant re- 
quired, but when the color above the amount coloring matter 
likely the controlling factor. 

most the experiments upon decolorization previously referred 
was observed that the water was seldom left absolutely colorless; 
there was usually certain amount residual color even after coagu- 
lation and filtration. Usually, this did not exceed 10, amount 
which may practically disregarded. When, however, the color 
the raw water was more than 200, the residual color became important. 
For example, water which had color 300 left residual color 
after treatment with 6.5 grains per gallon. some cases this 
residual color could removed application aluminum 
sulphate, but other cases resisted completely the action this 
coagulant. Inasmuch the residual color usually had marked 
greenish hue may suspected that ferrous iron was present, and 
that this some way prevented the action the 
much these very high-colored waters are seldom met with such 
quantities that they would used public water supply this sub- 
ject has theoretical rather than practical interest. 

Temperature has considerable effect upon the amount alumi- 
num sulphate required decolorize water, and upon the rapidity 
with which the action takes place. This illustrated Table No. 


TABLE No. TEMPERATURE UPON THE DECOLORIZATION 
CLEAR WATER WHICH HAD 50. 


grains per gallon. 
0.8 


well-known fact that the viscosity water decreases with 
its temperature. Warm water will pass through filter more rapidly 
than cold water, and, for the same reason, particles suspension 
warm water will settle more rapidly than cold water. 
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Other substances than aluminum sulphate have been suggested for 
use coagulants: for example, potash alum, ferrous sulphate, ferric 
sulphate, ferric hydrate prepared various ways, etc. These appear 
have advantage over aluminum sulphate, however, point 
economy. may observed that the iron salts not combine 
directly with the coloring matter the water form precipitate, 
does aluminum sulphate. The use permanganate potash has 
been suggested, but the slowness with which the action takes place 
objection its use most cases. 

the Use Chemicals Alone.—There are many 
chemical substances which will act the coloring matter water. 
general, acids reduce the color, while alkalies increase it. Acids 
not effect complete decolorization, however, and are practical 
use except reducing the alkalinity the water, previously men- 
tioned. 

The use ozone has been advocated, and certain cases may 
the future find practical application. Comparatively little, how- 
ever, known its efficiency cost. The use the hypochlo- 
rites calcium and sodium and peroxide chlorine has also been 
suggested. These are proprietary processes which embrace also some 
form rapid filtration straining. general, however, may 
said that the decolorization water the use chemicals alone 
does not appear promising the use some form co- 
agulant connection with rapid filtration. 


Hazen, Am. Soc. E.—The decolorization water, 
Mr. Whipple says, purely esthetic question. Color does not 
affect the wholesomeness the water, nor, general, its usefulness 
for mechanical purposes. Pure water colorless, or, more 
exact, has extremely light blue color. Waters carrying certain 
vegetable matters solution are discolored them, and although 
the coloring matters commonly found waters are similar to, not 
identical with, the coloring matter tea, and are absolutely harmless, 
most people prefer that water should not carry the visible evidence 
the presence foreign matters. 

The classification the means removing color which Mr. 
Whipple has given interesting, but one point least 
might carried further with advantage. The chemical processes 
decolorization might divided into two classes, namely, those 
which the coloring matter coagulated precipitant and removed 
insoluble form, and those which oxidized and destroyed. 
these, the first, coagulating processes, are the only ones which 
have been practically successful thus far. Sometimes these processes 
are open objections which would avoided the use the 
oxidizing processes. The chemical oxidizing processes consist the 
application some powerful oxidizing agents, capable destroying 
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the coloring matter. Ozone, and compound Mr. Hazen. 


chlorine and oxygen have been used. These processes, course, are 
different from the natural oxidizing processes, which the coloring 
matter destroyed under the action sunlight, without chem- 
icals. curious fact that the coloring matter water yields rather 
easily chemical oxidation, although one the most difficult 
substances oxidize nitrification filter. The decolorization 
water these chemical oxidation processes, although yet 
entirely experimental state, offers reasonable promise practical 
results the future. 


Soper, Assoc. Am. Soc. E.—Some remarks made Mr. Soper. 


Mr. Whipple and Mr. Hazen suggest that might interest 
refer one line the inquiry made the speaker into the means 
decolorizing water. Mr. Hazen, more particularly than Mr. Whip- 
ple, emphasized the fact that oxidation plays important part 
the decolorization water. might said that the presence 
color, very large extent, due imperfectly oxidized organic 
compounds. Nature, good deal oxidation takes place the 
water percolates through the soil, and ground-water found 
very generally free from color. the principles which operate 
Nature make such waters free from color have been applied the 
slow filtration water, with the result that oftentimes very consid- 
erable removal color accomplished this process. 

Some years ago, many will remember, aeration was proposed 
for the removal color because was thought that the oxygen the 
air would have direct action upon the organic impurities, would 
oxidize them and destroy them, burn them up, was ex- 
pressed. Later, was found that such oxidation proceeds chiefly 
through the agency bacteria, and that, beyond insuring the presence 
small amount oxygen, there was advantage aerating 
water, far favoring oxidation was concerned. 

Although well known that the principal source color 
water supplies due substances which have been extracted from 
vegetable matter, and that water containing objectionable stains are 
often derived from swampy ill-drained districts which there 
heavy growth plants, shrubs trees, the study the cause color 
has not progressed far enable definitely name the chemical 
compounds which are responsible for the trouble. Interesting they 
would be, investigations into the constitution such matters belong 
field chemistry which has not yet been thoroughly cultivated. 
Practically, all can say with positiveness that color due the 
extractives woody fibers which life has been destroyed and which 
are ready, have already begun, make progress toward oxidation. 
Complete oxidation the ultimate fate these matters Nature. 
When oxidation carried its farthest point, coloring matters 
organic origin are 
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The most universal objection colored water supplies lies their 
unpleasant appearance. The shade may range depth from degree 
which hardly perceptible hue which can compared with 
strong tea. Dark-colored waters are uninviting and frequently repel- 
lant, especially those unaccustomed their use, but they are not 
necessarily injurious health objectionable for use steam 
boilers. From these facts inferred that colored waters are 
objected only grounds minor consequence, color ranking 
importance considerably below bacterial impurity, turbidity, iron, 
hardness and odor. Consequently, doubtful desirable 
place limit upon the amount color which should consider per- 
missible public water supply. standards can seldom 
set with any assurance that they will universally agreed to, and 
there seems other reason consider limit necessary. Upon 
grounds practical expediency, therefore, the writer thinks inju- 
dicious attempt establish mark. 

these remarks has been assumed that the existence color 
without other impurity has been the subject under consideration. 
Where color exists along with other qualities which tend make 
watersupply becomes complicated and extends 
beyond the range brief discussion. comparatively small amount 
coloring matter when accompanied with turbidity, for example, far 
more objectionable than the same amount water otherwise clear. 
The reasons for this properly belong broader topic. 

While the nature the origin color water suggests that 
most cases may much more readily prevented than cured, there 
are several practical ways for its elimination. Unless present 
excessive degree practicable remove color from drinking- 
water supplies natural and artificial means. has been observed 
that reduction color may effected open reservoirs, provided 
the water not stored too great Experiments have been 
made which show that sunlight the important cause this reduc- 
tion. The action apparently similar the bleaching dampened 
linen when the latter exposed the direct rays the sun. The 
bleaching linen considered due the oxidation the 
organic matter which discolors the goods, and not improbable 
that the bleaching vegetable color reservoirs all due oxidation 
also. 

The passage water through the ground through slow filters 
has for one its objects practical removal color. The amount 
varies with the rate percolation and the amount color originally 
present. Part the coloring matter removed under such 
stances finely divided solid condition and extracted mechan- 
ically. The dissolved matters which make the remainder the 
color are probably oxidized through the activity micro-organisms. 
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The most effective process commonly used for the removal color Mr. Soper. 


coagulation. Alum its equivalent used bring together the 
sohd particles coloring matter and destroy that part the re- 
mainder which solution. serious objection coagulation, 
however, lies the necessity for removing from the water the 
luminous precipitate which results from the use coagulating 
chemicals. Settling basins filters, both, have used 
accomplish this purpose, and such structures generally require 
extra pumping the whole supply. When necessary add 
lime other alkali bring about proper action the alum, this 
process color removal open further objection. 

well known, charcoal, coke and analogous substances have 
the power absorbing large amount color. Sugar refineries use 
charcoal filters removing brown stains from sugar juices. Expe- 
rience, the present time, however, indicates that the use such 
materials not practicable upon the scale required for municipal 
water-works, owing the necessity renewing revivifying the 
absorbent. Consequently, beyond the introduction filters designed 
purify few thousand gallons water per day, charcoal and other 
absorbing substances have not been satisfactorily used water puri- 
fication. 

might seem that the use peroxide chlorine, bromine, per- 
manganate potash, ozone, all which have been recommended 
recently for the sterilization drinking-water, might advantage- 
ously used remove color. All these chemicals are powerful oxidiz- 
ing agents, and would, without doubt, strongly attack the organic 
substances which give water the appearance color, will suffi- 
cient describe the method applying ozone, since many considera- 
tions make this method the most suitable the chemical processes 
for the removal color oxidation. 

The purification water ozone has for its object the direct and 
immediate destruction organic impurities combination their 
elements with oxygen. was formerly supposed that the simple 
aeration water, bringing the oxygen the atmosphere into con- 
tact with the impurities, tended destroy them. this principle, 
fountains, jets and falls were arranged many water-works order 
aerate the waters thorough manner. was found, however, 
that atmospheric oxygen too stable and inert unite rapidly with 
organic matters. assistance sunlight some life process, 
such that bacteria, for example, doubted many whether 

combination can take place. Under the most favorable 
stances the natural oxidation organic matter very slow process. 

The purification water ozone properly lays claim the 
advantages which were formerly thought belong aeration. 
this treatment, portion the oxygen the air converted into 
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active condition which enables unite with organic matter imme- 
diately and without the aid bacteria sunlight. consequently 
possible, bringing water containing not only color, but odor and 
micro-organisms, into contact with ozone, destroy these impurities 
and mineralize them. 

There are many features which distinguish sharply the ozone 
method from other chemical processes oxidation for 
the purification water supplies. Ozone not soluble water, and 
cannot any chance have injurious effect upon those persons 
who may consume the latter. over-dose were accidently applied 
the water, the residue would escape into the air and wasted; 
there residue. Ozone oxygen, and only oxygen, and becomes 
atmospheric oxygen not used immediately after produced. 

The apparatus for its application less elaborate and expensive 
than that required for filtration. Extra pumping not necessary. 
There cleaning done. Whatever cost involved the 
construction ozone plant chiefly confined the machinery 
required ozonize the air. The cost operation chiefly the cost 
few horse-powers electric energy. grams ozone, 
may obtained per cubic meter air. From grams 
may produced per horse-power energy. sterilization, water 
requires from parts ozone per million parts water, 
other words, about kgrs., lbs., ozone per million gallons. 

any one who may doubt the practicability producing ozone 
large scale, may said that the total capacity works 
operated manufacturing chemical company which the speaker 
has knowledge, fully ton ozone This should 
cient sterilize 000 000 galls. per twenty-four hours. 

conclusion, the writer considers that the main principles upon 
which depends the successful use ozone purifying water are fairly 
clear. The sanitary value ozonization has been declared the 
official publication the Pasteur Institute France and the Imperial 
Board Health Germany. The International Congress Hygiene 
and Demography, which met Paris last year, discussed the subject 
favorably. Descriptive papers, read before engineering and water- 
works associations several countries, have recommended ozone. 
With the hygienic value the process thus fairly proved, the ques- 
tion apply ozonization purifying water that may 
economical. This engineering proposition, and one which not 
likely wait long for practical application America. 

the preceding speakers seem cover the leading information now 
available upon this topic very comprehensive manner, and leave 
very little which can added general terms. 

well known, this subject quite new, comparatively speak- 
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ing. one phase which attention might called. Mr. Fuller. 


That is, the practical significance the subject this time not 
normally related those water supplies which are satisfactory all 
ways except occasional moderate excess color. deals with the 
consideration which given the matter connection with 
the development new supplies, and the general improvement and 
extension existing works, that the result will meet satisfactorily 
the criticisms the future. 

This question very largely one. There doubt 
that the average water consumer better satisfied with colorless 
than with colored water.. the years come, seems certain 
that the preference will become sufficiently pronounced many 
cases, that citizens will insist upon the decolorization their water 
supplies, process which ordinarily involves only very small cost, 
when expressed annual per capita charge. 

The general views which have been expressed, along this line and 
also that methods color removal, the gentlemen who have pre- 
ceded the speaker, coincide very closely with his own. There only 
one point, among those which have been mentioned specifically, which 
has any comments add this time. That refers the amount 
chemical treatment which necessary for the removal given 
quantity color, the instance those colored waters which cannot 
practicable manner rendered satisfactory appearance the 
elimination swamps upon the water-shed, the bleaching action 
that found large reservoirs. 

general proposition, may said that the amount sul- 
phate alumina, when chemical decolorization used, which must 
added water, effect substantially complete removal the 
color, approximately the ratio 2.5 grains per gallon for 
color 100, according the platinum standard, stated Mr. 
Whipple. Casual observations along this line have been made from 
time time upon quite number waters coming from various 
sources throughout the country. There very little this informa- 
tion, however, which has been obtained large scale this 
time, the purification plant Norfolk, Va., being, the speaker 
believes, the only one where such records are systematically secured. 
While majority cases the waters studied have given results 
which are within reasonable accord with the above-stated rule, 
noted that some waters seem form exceptions this respect. 

connection with some investigations which are being made 
New Orleans, comparing various local waters there, for adaptation 
new supply, some attention has been given the color the 
water obtained from deep wells. These wells are some 600 800 ft. 
deep. The waters contain very little suspended matter, rule, 
there being apparently some parts per million suspended 
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organic matter. color, the waters are high, the amount ranging 
ordinarily from about 150 350, platinum scale. The alkalinity 
also high, due alkaline carbonates and not lime and magnesia. 

conjunction with Mr. Weston, the resident expert charge 
the New Orleans investigations, the speaker has given some study 
the amount sulphate alumina necessary for the decolorization 
the local well-water. The leading results these studies are sum- 
marized Table No. 


TABLE No. UPON THE DECOLORIZATION 


PARTS PER MILLION. GRAINS PER GALLON OF SULPHATE OF ALUMINA. 
Sample. decolorize. effect begin- 
Alkalinity. | Platinum removal from 
Standard. Original Water after original water. 
water. neutralization. 

412 190 3.0 

420 120 1.2 

441 180 3.0 


detailed comparison these data with those presented Mr. 
Whipple, may, perhaps, bring out some points interest. Ina gen- 
eral way, may said that they not seem variance with 
his explanations and theories. The New Orleans well-waters appear 
have some cases individuality their own, especially when 
compared with surface-waters, connection with the treatment 
question. How far this due the composition the organic matter, 
the mineral contents the water, combination the mineral 
and organic matters, point which cannot now settled. What- 
ever the relative significance the several factors may be, some 
practical importance know that some waters, proportion their 
color, are decolorized with much more difficulty than others. 


whether necessary decolorize water there should clear 
conception what that gives the color. 

assumed that the class water now under consideration 
that which flows the rivers the Eastern States and those along 
the Atlantic Coast this country, and which also the same class 
that found Russia, Germany, Holland, Scotland, Ireland and 
many other places both continents. 

good type this water flows the Black River Watertown. 
glass perfectly transparent, but looks like bright light tea. 

has been said that this color solution, because neither filter 
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tion does not prove that the color not due molecules suspen- 
sion. simply proves that neither paper nor sand nor porcelain 
filters are fine enough retain them. 

The Neva water St. Petersburg the summer, the Seine water 
Paris the autumn, the peaty waters New York State and many 
other places, show that what gives color and odor such waters not 
some unknown liquid substance, but that due clearly defined 
molecules vegetable and animal matter decomposition, capable 
being seen with the microscope and isolated proper filtration. 

many places the natives attribute these waters fevers and 
dysentery troubles and shun their use public danger, preferring 
drink well-waters, which are often worse but which not give 
ocular evidence contamination. therefore concluded that all 
colored waters ought decolorized. 

Decolorization has accomplished lately this country coag- 
ulation and filtration, but this system expensive and unsatisfactory. 

There are two filtering materials which are capable removing the 
color peaty waters without the use coagulants. They are asbestos 
and charcoal. 

Asbestos efficient because the fibers, and therefore the voids 
between them, are indefinitely finer than those filtering paper, sand 
porcelain filters. filtration through these substances all color 
and odorcan removed. not due some chemical physico- 
chemical action, but purely physical action fine filtration. 

The qualities charcoal absorbent gases and color have 
long been known. Nothing has been found capable replacing 
sugar refining. The speaker has found that will remove the color 
and odor peaty waters well organic matter solution and 
dissolved metallic salts, such lead, iron, copper, etc. 

This quality has been sometimes attributed physico-chemical 
action and sometimes molecular attraction. This point will not 
discussed here. Suffice say that sand and porcelain filters the 
units that make the filters are solid non-porous. charcoal, 
the contrary, each unit honeycombed infinite number 
microscopic channels. While the former materials the filtration 
takes place the voids meshes, the latter goes through the 
whole mass, through each unit well between the units. What 
goes more the nature dialysis osmotic action. other 
words, extremely fine kind filtration which much more 
intense than through non-porous material. 

the experts filtration this country belongs the task 
finding out how the charcoal should used. The speaker obtains 
the best results depositing layer finely powdered 
asbestos cloth; but there are many other ways using charcoal for 


paper nor sand nor porcelain filters can get rid it. This demonstra- Mr. Maignen. 
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Mr. Maignen the purpose decolorizing water. will certainly found that 


there more purifying power one ounce charcoal than many 
ounces other filtering materials. 

Objections charcoal have been raised London, and echo 
these objections contained Mr. Whipple’s discussion, but the 
speaker believes that these objections are not the slightest degree 
justified careful inquiry. 

has been stated, first London, that charcoal favorable 
the growth micro-organisms.” This statement has been based 
upon experiments made Dr. Percy Frankland and recorded his 
book* under the heading Efficiency Different Filtering Materials.” 
There may found the following table: 


MIcRO-ORGANISMS PER 


CENTIMETER. 
rate ra- 
Filtering material. Reduction tion per 
percent. square foot 
Filtered 
| 
Iron 
| | 
2d experiment, after 12 
experiment, after 
month’s action......... 280 99.8 0.45 
Animal | 
days’ action............ 800 100.0 0.46 
experiment, after increase 
| month's action......... 1280 | 7 000 447.0 0.86 


will observed that the second and third experiments with 
both iron sponge and animal charcoal, Mr. Frankland applied the 
same water, but did not the first experiment. 

The water applied the iron sponge filter contained only bac- 
teria, while that applied the animal charcoal filter contained bac- 
teria numerous count.” This ought have thrown the whole 
experiment out consideration. 

Another fact will observed from this table. Where found the 
increase the number bacteria, the speed filtration was doubled, 
being 0.86 gall. per square foot per hour instead 0.45 0.46 the 
other experiments. This surely ought have made impression 
Dr. Frankland. The filter must certainly have been broken other- 
wise damaged, and ought have begun his experiment over again. 

Other experiments since been made, but, like those Dr. 


* “ Micro-organisms in Water,” 1885. 
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Frankland, they have not been carried long enough any Mr. Maignen. 
real value; the contrary, they serve confirm the original error, 
will shown. 

Table No. record series experiments ascertain the 
exact efficiency charcoal removing bacteria. Three small filters 
were installed, each containing the same quantity and the same char- 
coal have check. The precaution was 
taken use during the first month the experiment filtered water 
which was practically sterile, containing generally less than bacte- 
ria. During the first three four weeks the effluent from each the 
three filters had very large number bacteria. These bacteria 
did not come from the water, the water applied contained few, 
but from the charcoal. How did they get the charcoal? Simply 
from the air which entered the pores cooling after burning. 

Readers Tyndall’s book, ‘‘Floating Matter the Air,” will 
remember his most interesting statement concerning grown-up bac- 
teria and dry spores. showed that required certain period 
incubation water for the growth and development the spores, and 
found that was necessary boil the water three times inter- 
vals order get rid all the germs, they could not destroyed 
single boiling. 

During the first period use charcoal filters the dry spores 
which fill its pores gradually grow into bacteria and are carried out 
the filtered water. must remembered that the charcoal 
contains least fifteen times its volume atmospheric air, and 
therefore, considerable quantity dry dust with hence that 
water going with bacteria comes out with 000 000. 

these experiments will seen that has taken fully one 
month daily use free the charcoal what may called con- 
germs bacteria. Anyone starting such experiment 
and stopping the end week, fortnight three weeks, would 
justified condemning charcoal, but persevered beyond the 
month would find all the excellent qualities charcoal bac- 
terial filtering material. 

soon the filter was found ripe, deprived its con- 
stitutional bacteria, October 17th, raw water with many bacteria 
began introduced. The filtrate the three filters remained 
practically sterile. 

From September 10th December 15th the supply the filter 
was intermittent. Water was Then the operation 
was suspended until December 24th and the filters were placed under 
running water from the tap that they filtered day and night. 
will seen that the results remained thoroughly satisfactory. These 
results will show the advantage perseverance and the danger 
basing conclusions insufficient data. 


q 

J 


172 DISCUSSION DECOLORIZATION WATER. 


Maignen. TABLE No. MADE ASCERTAIN THE 


seo #5 2s 2s o 
D | = & 5 5 & 5 = 


a 


~ oe 


a 
~ 


_ 


— & 


ne 


> 
= 
® 
Sassen 
| 
now 


& 
& 
° 
= 
i=} 
oO 
a 
oO 
— 


Mr. Maignen. 


TABLE No. 6—( Continued). 


Water Torovex Carbo-Calcis. 


WATER USED. 


*19}9UIT} OIQnd 
aod 
| JO dequina [B70], 


Filter No. 3. 


Jad 


Filter No. 


Filter No. 1. 


AS 


viqno) 
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| 
| 
140 
160 
200 
210 
230 
Dec. 1900. 
140 
Jan. 1901, | } | 
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TABLE No. 


DaT«s. Water USED. Water Fitterep Carbo-Calcis. 
Feb. 1901. 
1l 15 9 030 110 0 0 1 0 | 4 0 
25 Mar. 1 12 830 230 6 0 1 0 2 0 


senting, most part, private, quasi-public, corporations delivering 
water municipalities, the speaker probably placed under ban 
more strict than that over the municipality which furnishes water 
itself, engineer for corporation furnishing water itself, 
and can only emphasize the necessity, from his own standpoint, 
removing all color. Color gives just much trouble turbidity, 
and the municipality buying water from private corporation will 
not, can help it, tolerate either. the methods removing 
color, one method will not fit all cases, and, while the theory ad- 
vanced Mr. Maignen that color may not solution, but abso- 
lutely suspension, and one which had not oceurred the 
speaker before, yet the fact that such color suspension has 
always been proved the absence any precipitate after allowing 
the water stand for days and weeks absolutely clear vessel. 
Nevertheless, has been possible remove color suspension, 
except that caused tan bark tannin, water taken from the 
fore back bay where logs were lying, from the river which 


q 


DISCUSSION DECOLORIZATION WATER. 


there are periodical log drives. has been found that most that Mr. Chester. 
color can coagulated and removed the use chemicals, while 

other waters the very same chemicals, any proportion, failed 

remove the color. 


Stearns, Am. Soc. E.—Mr. Whipple, opening Mr. Stearns. 
the discussion upon this topic, has covered the ground very thor- 
oughly, that the speaker can add nothing interest the general 
discussion methods, and will therefore confine his remarks work 
now progress, relating the decolorization the water supply 
the Metropolitan Water District Massachusetts, which includes 
the City Boston and seventeen other cities and towns. 

The streams formerly used the main sources supply the 
City Boston derived sufticient proportion their water from 
swamps give brownish tinge, and the average color the water 
the streams was about 90, the scale used Mr. Whipple. 
part—approximately one-third—of this color was removed storage 
the reservoirs. 

selecting new source supply for the Metropolitan District, 
care was taken, the first instance, select drainage area hilly 
country where there was less swampy land and where the water had 
naturally only about one-half the color the streams supplying the 
City Boston. Notwithstanding this precaution, two measures were 
adopted for decolorizing the water: 

The construction extremely large storage reservoir, from 
which all soil and vegetable matter are removed, which the 
water will remain long enough bleach. 

The drainage swamps drainage ditches located near their 
borders, intercept the upland water and prevent from entering 
the swamps. 

The Wachusett Reservoir, now under for the storage 
and bleaching the water, will hold amount water equal 
533 000 000 galls. per square mile drainage area. This far 
excess the usual practice; for instance, the storage the City 
Boston its principal water-sheds, 1897, was equivalent 
000 000 galls. per square mile water-shed, only about one-sixth 
the amount furnished the Wachusett water-shed. 
express the storage the Wachusett Reservoir another way, may 
said that equivalent the average flow the streams for 

The drainage swamps for the purpose diminishing the 
amount color and organic matter water somewhat novel, and 
may interest refer some detail the work which has 
been done this line the present time. 

portion the Sudbury water-shed, having area 27.68 
sq. miles, which used connection with the new water-shed for 
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supplying the greater portion the water, swamps having total area 
937 acres have been drained the construction 129 510 ft.—equal 
24.53 miles—of ditches. One the swamps, known Crane 
Swamp, nearly large all the others, having area 460 
acres, and this drained 250 ft. ditches. The water-shed 
the swamp, including the swamp area, 2.9 sq. miles. 

account the extent the work, was very desirable 
adopt form ditch which would inexpensive, maintain its form, 
easily cleaned, and concentrate the flow that leaves and other 
light substances would carried along the current. The form 
adopted shown Fig. 
6CALE OF FEET 


SECTION SWAMP DRAINAGE DITCH 
Fia. 

There wooden bottom made hemlock board ins. wide 
and in. thick, laid lengthwise the ditch, and temporarily secured 
nailing 4-in. sills, long. each side the hemlock 
board placed triangular strip, formed sawing 4-in. spruce 
joist one its diagonals. These are rabbeted the right-angled 
corner, that they lap about the hemlock board, and are 
expected hold place after the nails have rusted away. The 
inclined sides these triangular strips furnish convenient footing 
for light paving, which carried the sides the ditch far the 
ordinary water level the spring the year. Above this the slopes 
earth are grassed. 

All ditches, whatever depth, have the same cross-section the 
bottom, and very easy matter clean them. Near the mouths 
the more important ditches large settling basins have been 
constructed, leaves and other substances carried along 
the ditches the current. ditches are all constructed below 
the swamp level, expected that the bottom board and the greater 
portion the strips the sides will covered with water all 
times, that the wood will not decay; but they have not yet stood 
the test They seem very efficient. 

Including work done upon the Wachusett water-shed, 069 acres 
swamp have been drained the construction 144 558 ft. 
ditches. The cost, including the purchase portion the land, 
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the lowering and rebuilding several road culverts, and the engi- Mr. Stearns. 
neering expenses, not only connection with swamps already drained 
but, addition, for many surveys swamps yet remaining 
drained, and which cannot well separated, amounts $93 per acre 
swamp and cents per ditch. labor and materials 
for constructing the ditches, exclusive land and engineering 
expenses, has varied considerably under different conditions, but 
some swamps has been low cents per foot. 
The extent the decolorization indicated Table No. which 
gives the result Crane Swamp and one other swamp. 


TABLE No. FROM CRANE AND FROM 
Swamp MARLBOROUGH JUNCTION BEFORE AND AFTER 


| CRANE Swamp. MARLBOROUGH JUNCTION. 
Month. 
Before | After Before | After 
draining. draining. draining. draining. 
1894-95. | 1900. 1894-95. | 1900. 
| 

| 190 90 122 | 55 
dean | 220 140 165 75 
ced 140 | 114 35 
154 90 128 60 
May nal 340 | 40 228 40 
| 195 47 128 40 
200 155 114 55 
Average, omitting September... .| 227 &2 144 47 

| 


* No water running in brook. 


The arithmetical mean the results for eleven months, shown 
the table, indicates the removal 64% the color from the water 
issuing from Crane Swamp and that issuing from the other 
swamp. These results, however, may somewhat misleading, 
because they give equal weight observations made the dry and 
wet months. Moreover, they represent only the comparison two 
years, and well known that different years the color water 
varies very much with the amount and distribution the rainfall. 
After giving due weight the quantity water flowing the dif- 
ferent months, and after making comparison the color during the 
years included the table with the average color for years, 
seems probable that rather more than the color the water 
flowing from these swamps has been removed the ditching. 

other swamps which occupy proportion the water- 
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shed the streams which they are located, that more water 
passes through them, the original color was lower and the percentage 
color removed was less; but such cases the improvement affects 
larger quantity water proportion the area swamp drained. 

believed that the two methods adopted, namely, long storage 
clean reservoir and the efficient drainage the swamps, will 
result practically colorless water for the supply the Metropoli- 
tan District. 

Past-President, Am. Soc. E.—The decolor- 
ization water the use chemicals and filtration contact 
with various substances, such animal charcoal, has received great 
deal attention, but there are comparatively few accurate data avail- 
able coanection with the decolorization water exposure sun- 
light, and draining the swamps, which are the principal source 
color. 

About ten years ago the speaker began taking observations the 
colors brooks connection with plans for improving the sources 
supply ofthe City Boston. Experiments and observations were made 
the source color surface-waters, and, the same time, 
method was devised for reading the colors accurately. The results 
these investigations were published largely the reports the Boston 
Water Board. Mr. Hazen’s discovery the Platinum-Cobalt Standard, 
used with accurate colorimeter,* has opened way for the taking 
colors accurately. the Platinum-Cobalt scale the divisions are 
The Nessler scale, the other hand, inaccurate one, may 
seen the following comparison: 


Comparison between the Platinum and Natural- (or Nessler) Scales. 


0.06 0.13 0.26 0.42 0.57 0.74 0.90 0.99 


The color waters New England generally derived from vege- 
table matter, although some cases dependent upon iron and 
manganese combined with the extractive organic matter. 

Lake Cochituate, during the summer, the water drawn from the 
bottom always darker than that the surface, and increases 
color rapidly after exposure the air. The average five different 
determinations, made between the last August and the beginning 
November, when the water the bottom its maximum color, 
during three successive seasons, showed that the water the bottom 
layers had color collection equal six times that the surface, 
and exposure the color increased twenty times that the sur- 
face. large part this color due the presence iron. 


~~ * Such as that described in the Journal of the Franklin Institute, December, 1894. 
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While exposed the surface the iron oxidized precipitate Mr. FitzGerald. 
ferric which falls the bottom, where gives its 
oxygen for the further oxidation organic matter which there 
undergoing decomposition. The iron thus nearly all reduced 
ferrous colorless form, which, its oxidation exposure after 
collection, causes the increase color due its presence the ferric 
condition. contact with organic matter this ferric iron remains 
soluble for time, but finally settles out ferric hydrate, leaving the 
water colorless. 

will thus seen that iron may aid the oxidation purifica- 
tion the water the bottom pond, giving its oxygen. 
Where there insufficient organic matter the water reduce all 
the soluble condition, pond ore will formed the bottom the 
pond. 1892 elaborate investigation this phenomenon was 
made, under the speaker’s direction, Mr. Frederick Hollis, and his 
full report was published the seventeenth annual report the Bos- 
ton Water Board. Disregarding the effects due iron, the color 
surface-waters New England principally due the carbonaceous 
matter derived from the swamps. The water the brooks gener- 
ally clear brownish-yellow, and represents mean between the 
the greenish-yellow color imparted freshly decom- 
posing organic matter and the dark brown the older peaty 
materials. all investigations connection with the decoloriza- 
tion water should remembered that besides taking the colors 
the waters they flow the brooks, these colors should 
weighted the amount water flowing. 

well known that water when exposed sunlight for suf- 
ficient length time willlose This accounts for the color- 
less condition the water almost all large lakes, notwithstanding the 
fact that the streams supplying the lakes may highly colored. 
careful determination the effect the storage large reservoir 
filled the spring and drawn down the summer has shown that 
ordinary practice about the color destroyed. 

1894 some experiments were made under the direction 
determine the effects sunlight; and the results, with tables, were 
published the annual report the Boston Water Board. 
The following are some the conclusions arrived at: When water 
kept entirely the dark its color remains unchanged. The nitrogen 
albuminoid and free ammonia reduced, and the nitrites and 
nitrates increased the dark, while the sunlight the albuminoid 
and free ammonia and nitrites are increased and the nitrates are 
reduced. found that while the water bleached more the 
summer than the winter ponds and lakes, the reduction per 
100 hours sunlight practically constant for all seasons the 
year. reduction color varies almost directly with the amount 
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color present, being each case about 20% the original color. 
takes about 500 hours’ exposure bright sunlight remove all 
the color, but must remembered that this applies water 
entirely exposed large bottles. has generally been found 
practice that water should stored reservoir for nearly two 
years decolorized. During the winter, course, when the sur- 
face frozen over, there little decolorization the water sun- 
light. 

temperature, has been found that heat alone will not reduce the 
color; neither does sedimentation aid the process, least the 
case Boston waters. determine this fact samples water were 
exposed glass jars having discs glass arranged series 
horizontal layers about in. apart. Samples were also exposed 
glass tubes ft. long. 

does not seem probable that the bacteria can have any in- 
fluence the reduction color, for the reason that organisms and 
bacteria died out the samples exposed the sunlight well 
those kept the dark. the case water kept bottles 
different colored glass, was found that the color was reduced most 
the white and blue bottles, being about the same both cases, 
while the red and yellow bottles the reduction color was only 
about half great, showing that the blue actinic rays are the 
most efficacious. 


that the decolorization water almost exclusively 
process, and also appears that may effected perfectly the 
ozone process. The two processes have apparently little common, 
and the subject invites further consideration. Slow sand filtration 
might regarded largely bacterial process, usually 
introduced where water contains large numbers bacteria, and during 
some stage the process filtration the numbers are greatly 
increased; further, they make war upon each other until the 
not only sterile very nearly so, but such condition, with respect 
substances upon which bacteria can exist, that expected 
almost every instance that the number those remaining will decrease 
rather than increase. would appear, then, that bacteria could 
decolorize the water, the ordinary sand filter affords excellent 
opportunity secure such beneficial action. But, matter fact, 
the color and vegetable matter are not usually removed great 
extent the use sand filter they are some the processes 
incident mechanical filtration. evident that the removal 
color accomplished perfectly the changes that water undergoes 
water throughout the country has its direct source the rainfall, but 
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also true, proved observations upon many streams during Mr. Dunham. 
times high water, that large numbers bacteria are washed into 

the streams from the soil, and the rain-water after coming from the 

clouds must many instances not only charged with sediment 

from the ground and with color from decaying leaves and vegetable 

matter, but also has fair complement bacteria before finds its 

way into the earth. 

known that few bacteria exist below depth ft., 
which not greater than the depth material many sand 
filters commonly use. There are reasons for believing that the 
water loses considerable amount vegetable matter passes 
through soil which does not contain bacteria any considerable 
numbers. Evidence proof this may cited the quality 
spring-water and the microscopical examination fine material 
taken depths many feet the earth, asin mines. This material 
has been found consist extremely minute particles vegetable 
matter which have been identified with vegetable substances existing 
upon the surface. Without making use this argument 
indicate the degree improvement, possible that such consid- 
erations might lead the suggestion that greater depth filter bed, 
which would not add greatly the cost filter plant, might 
such value warrant its introduction where the raw water was 
very highly colored. 

The change that water undergoes when large body, 
our great lakes, may more like ozone than bacterial process. 
going out from shore the number bacteria usually diminishes 
very rapidly, and comparatively short distance number, generally 
recognized normal, may expected, but from facts which the 
speaker has had access, the vegetable matter the water does not 
diminish like ratio. The distant middle portion such body 
water, when compared with intermediate points near the shore, will 
show quite regular change gradation the amount vegetable 
matter. Further than this, shown Rafter’s examinations 
Lake Erie water, the quantity vegetable matter the middle the 
lake increases quite rapidly with the depth, and this natural 
inference attribute the reduction amount vegetable matter 
the action the atmosphere upon the water, although certain 
seasons, when temperature controls the vertical movement the 
water, this may not hold true. 

would seem, then, that natural process, partially bacterial and 
increased perfected the continued movement water through 
the soil, effects the decolorization water land, and that natural 
process, something like the ozone process, quite degree effective 
without great assistance from bacteria when the water exposed 
the atmosphere considerable body, lake large reservoir. 


